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(54) Polariscope 



(57) In a polariscope including first 
(28) and second (32) quarterwave 
plates arranged one on either side of a 
sample (30) undertest, first (26) and 
second (34) liquid crystal devices are 
provided adjacent the quarterwave 
plates and can be switched between 
two optical conditions to alter the 
polariscope between a plane polarised 
and a circularly polarised mode. 
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SPECfFtCATiOK 
Palariscope 

5 A polarlscope is an Instrument used to stud'/the 
interference patterns produced for example when a 
stressed model of an engineering component made 
from an optically transparent material is viewed in 
polarised light, the stress causing the material to 

1 0 become birefrigent. Both plane and circularly polar- 
ised systems are needed, and practical polariscopes 
have two quarter wave plates used to achieve the 
circularly polarised condition which can bs manually 
or mechanically removed from the optical path or 

15 rotated by 45f . SIncethetwo conditions are required 
alternately during the pofnt-by-point study of the 
model, entailing perhaps many hundreds of remov- 
als and reinsertions of the quarter wave plates, the 
instrument is cumbersome and its use istedious. 

20 It is the object of the present invention to prowde a 
poiarlscope in which thetransfer between plane and 
circular polarisations can be achieved without physi- 
cal removal of components. 
According to the invention a polarlscope com- 

25 prises means to provide a beam of polarised light; 
first liquid crystal means which in a first state allows 
passage of light from the polarising means, and in a 
second state applies a 40" rotation to light from the 
polarising means; a first quarter wave plate; sample 

30 location means; a second quarter wave plate; sec- 
ond liquid crystal means which in a first state allows 
passage of light polarised perpendlcularto the 
polarising axis of the polarising means, and in a sec- 
ond state applies a 45° rotation to light polarised 

35 perpendlcularto said polarising axis; second polaris- 
ing means parallel to or crossed with respect to the 
first polarising means; and switch means to cause 
the first and second liquid crystal means each to 
change between their first and second states. 

40 The beam of polarised light can be provided erther 
by an unpolarlsed lightsource and a pol&rlser, or by 
a laser source. 

in such a polariscope, when the liquid crystals are 
in theirfirst states, light passing through them is 

45 unaffected, and the device is a circularly polariscope. 
When the liquid crystals are in their second state, 
they apply rotations to the polarised light to cancel 
the effect of the tv/o quarter wave plates (i.e. by 
rotating the plane of polarisafion to align with the 

BO axesoftiie quarter'Arave plates) sothatthe device 
acts as a plane polarised polariscope. 

In a modification, the analyser of the polariscope 
according to the invention 5s itself a variable liquid 
crystal device, either a series of conventional devices 

55 which may be switched in to provide varying angles 
of rotation, or a continuously variable device in 
which the angle of rotation varies vwth the applied 
voltage. 

In a first form of the invention, the sample Is a 
60 transparent photoelastic material, often a model of 
an engineering component, and light is transmitted 
through the sample to the second quarter wave 
plate. In a second form of the invention, the sample 



apparatus is arranged so that light passing through 
the first quarter wave plate is reflected bythe photo- 
elastic material to the second quarter wave plate. 
In the accompanying drawings, the prior art is 
70 described with reference to i=igures 1 and 2 in 
which :~ 

Figure 1 illustrates a plane transmission polari- 
scope, and 

Figure 2 illustrates a crossed oirculartransmlsslon 
75 polariscope. 

The invention will be described with reference to 
Figures 3, 4 and S In which :- 

Rgure 3 Illustrates a transmission polariscope 
according to a firet embodiment of the Invention; 
80 Figure 4illustrates a transmission polariscope in 
which compensation can be applied; and 

Figure 5 illustrates a reflection polariscope accord- 
ing to the invention. 
Referring to Figure 1 a prior art plane polariscope 
85 ofthe 'transmission' type consists of a lightsource 
10, a polariser 12 having a vertical polarisation axis, 
and an analyser 14 having a horizontal polarisation 
axis. If a model of a component 16, made of biref- 
ringent material and shown here as hook shaped, is 
90 illuminated through the polariser 12 and is stressed, 
the incident light is resolved into components paral- 
lel to the two prindpal stresses o-, and as, and one 
component is retarded with respect to the other, as 
lllustratsd. if tiie model is viewed through the anal- 
85 yser 14, isochromatlc fringes are >^slble which by 
theirepacing Indicate the magnitude of stresses in 
the spadmen. If the source 10 is a white light source, 
the fringes are coloured, while a monochromatic 
source produces black fringes on a coloured ground, 
100 but In both cases an additional series of black lines 
known as isoclinics are formed. An isoclinic is a 
locus of all points at which the principal stresses in a 
model have the same directions as the polarising 
axes ofthe polariscope. The presence of isoclinics 
105 confuses a monochromatic fringe pattern, but isoc- 
linics are necessary to some parts ofthe measure- 
ment process since, when moved to e point by sync- 
hronous rotation of the polarising elements they 
indicate that tiie polarising axes are parallel with the 
110 principal stress directions at the point- a require- 
ment before beginning the compensation process to 
determine stress magnitudes. 
* To romove lsccllni(s, a circularly polarised system 
is needed, as shown In Rgure 2. In addition to the 
115 components of a plane polariscope, there is a first 
quarter wave piate 18 between the polariser 12 and 
the model 16, having its "fast" axis Ap at an angle of 
4? to the vertical, and a second quarter wave plate 
20 between the model 16 and the analyser 14, having 
120 its "slow" axis A3 parallel to the fast axis ofthe first 
plate 18. In this arrangement, light is circularly polar- 
ised when it illuminates the model 1 S. The birefring- 
ent material of fte model produces elliptically polar- 
ised light witii the major axis aligned with the max- 
1 2B imum principal stress, o-^ as illustrated. The quarter 
wave plate 20 applies a rotation so that the major 
axis is vertical, i.e. peipendlculartothe axis of anal- 
yser 14. The isochromatics are still visible, butthe 
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"Photoelastisitv" by J. Hearn, published by Mer- 
rowln 1971. 

Since both types of polarising arrangemem ars 
essential in a practical polaiisccpe, It Is usual to pro- 

5 vide an instrument in which the quarter wave plates 
1 8, 20 are manUEiliy or mechanically removable or 
rotatabie out of the light path. Thus the plates must 
be first placed in position then fomaved for each 
measuring poirftvi/hen a atresBed model is investi- 

10 gated. Sine? measurements are often made at one 
hundred or more points, the process is clearly tedi- 
ous. 

A polariscope according to the invention and illus- 
trated in Figure 3 comprises s liglit source 22, a 
1 5 polariser 24 having a vertical axis, a first liquid 
crystal device (LCD) 26, aflrst quarter wave plate 26, 
a stressed model 30, a second quarter wave ple'^tj 62, 
a second liquid crystal device 34 and an anslv'::C:ir JO 
having a horizontal axis of polarisation. 
20 The pDlarlacope is identicatto that illustrated in 
Figure 2, with the addition ovthetmo LCDs 25, 32. 
Each LCD comprises a paraiial-welied transparent 
ceil containing a nemalic liquid crystal material, the 
inner surfaces of the call waUa carryirig transparent 
25 metal layers which can act as olectrodes and whidi 
are connected to a voitsge supply and switch circuit 
38. The ceils are arranged so mat when ths elec- 
trodes are activated by application of a voltage bet- 
ween the electrodes in each cell, pclarised light pas- 
30 ses through them undevlatecJ, tiie quarter wave 
plates 28, 30 operate as in a conventional device, and 
the polariscope is circularly polarised. When the 
LCDs are unactivated, incident vertically poiarised 
light is rotated through 4S' by tlie first LCD 26 to pass 
35 undeviated through the quarter wave plate 28, to 
give plane polarised iiluminafaon equivalent to that 
in the Rgure 1 plane polariscope but at a different 
angle to the vertical, i.e. at 45'. Ligfit passing through 
the stressed model 30 passGs undeviated through 
40 tlie quarter wave plate 32, and is rotated 45^" in tlia 
opposite direction by the second LCD 34, sotiiatthe 
polariscope operates as if it were plane polarised. 

The alteration between plane and circular polarlse- 
tion of the LCDs Is thus achieved simple by operation 
4S of an electrical switch, an action requiring minimal 
aifort and causing minimal distuiijance in compari- 
son with the physical movements required in a prior 
art Instrument; the arrangement of the invention is 
particularly appropriate to the production of an 
50 automatically controiled polariscope. Usually one 
switch will control both LCDs. 

it is not suggested tiiat the combination of aquar- 
terwave plate and a nematic liquid crystal to siter 
plane polarisation to circular polarisation is new. 
55 Such an arrangement is described in the speci fica- 
tion of G.B. Patent No, 1330925, but only in the con- 
text of an optical display device. Almost all applica- 
tions of LCDs lie i n the display Field, and it I s believed 
thattiiis is the first time that an LCD has been used in 
60 a polariscope. 

In a variation either or both of the quarter wave 
plates 28, 32 consist of an activated LCD. The or botii 
plates are connected to a furtiier voltage supply and 



tion in which Tardy compensation can be applied. 
The polariscope is identical tc 'ihat shown in Figure 3 
with ths Qjcception that the eneivsGr 23 is replaced by 
a variable liquid crystal device 40 connected to a vol- 

70 tage supply and control circuit 42. The variable LCD 
40 can be either a composite oroascsdo of several 
separate LCDs, each applying a small angular rota- 
tion, and switching in of successive LCDs giving a 
rotation equal to their sum, or Gsn be a continuously 

75 variable LCD In which, by spplication of a varying 
voltage to a single, careiiilly constructed ce]l,the 
angle of rotation also varies continuously. Such 
de^nces are known and are described in the specifi- 
cations of G.B. Patents Nos. 137286B and 1506570, 

30 but have notpreviously been used in a polariscope. 
Tardy compensation in the prior art is carried out 
by first synchronously rotating the polariser and 
anaylser in a plane polariscopa until an isoclinic 
crosses a point of interest, and inserting the quarter 

35 wave platesto give a circularpolariscope. Flotation 
of the analyser alone then appears to move t}ie 
fringes, rotation by 180^' corresponding to one fringe 
order. By measuring the rotation needed to cause a 
fringe of known orderto coincide with the point of 

SO inierest, the fraction of the order originally coinci- 
dent witii that point can be determined. The process 
is described in the above referenced book "Fhoto- 
slasticlt/" on page IBL 
In the inventive arrangement, the rotation of the 

S5 analyser Qlone, instead of being mechanical, is 
achieved electrically by use of the variable LCD 40. 
Control can be digital so that no angle measurement 
is needed, and it may be possible, by sufficientiy fast 
switching, to extend conventional photoelastictech- 

100 niques to the study of dynamic strains. 

Clearly, the usual horiHontal polarisation position 
of ills analyser can be separately selected, and the 
device used as a conventional plane or circular 
polariscope as required. Also, during the setting-up 

105 procedure forTardy compensation when the polar- ' 
Iser and analyser are rotated synchronously, the 
LCDs must also be rotated in synchronism. In a vari- 
ation, not illustrated, the polariser and analyser are 
also variable LCDs and are rotated electrically. 

1 10 The arrangement can also be used to apply 
Senamiont compensation in which one LCD is 
sv^ttched to its inoperative state. 

Rgure 5 illustrates a reflection polariscope; the 
components are identical to those in Figure 3, but 

115 are arranged so thatthe beam from the quarter wave 
plate 28 is incident at an angle of AS' on a birefrigent 
coating 46 on an opaque object under test 48. Light 
is r^flectsd by the coating to the second qua rter 
wave plats 32. In such a polariscope, thetest object 

120 48 is usually an acual component, end need not be of 
a photos] astic material. 

!t is an advantage of the invention thatthe LCDs 
can be fitted to Gurrerrtiy available equipment, as 
wsit ae incorporated in purpose-built polariscopes. 

12B In either case, the light source 10 is conventional. 
However, should a laser be used as the light source, 
the need forthetirst polariser may be avoided. 
In some cases there is a time delay associated with 



plane and circular polarisation modes. If so, the 
anisotropY of a nematic liquid crystal cell under dif- 
ferent applied voltages may be used by switching 
between applied voltages of different values instead 
5 of switching between zero and a single flxed value of 
voltage. 
CLAI1V1S 

1 . A pola riscope oa mprises mea ns to p rovi de a n 
input beam of polarised light; 

10 first iiquid crystal means which in a first state 
allows direct passage of the polarised input beam 
and in a second state applies a Aff rotation to the 
polarised Input beam; 
a first quarter wave plate; 
15 sample Jocation means; 
a second quarter wave plate; 
second liquid crystal means which in a firststate 
allows passage of ligiit polarised perpendicular to 
the polarisation axis of the input beam and in a sec- 
20 ond state applies a ^S* rotation to said light; 

second polarising means parallel to or crossed 
with respectto the first polarising means; and 

switch means to cause the first and second liquid 
crystal means each to change between theirfirst and 
25 second states. 

2. A polariscope according to Claim 1 In which 
the direction of polarisation of the second polarising 
means can be rotated with respecttothe polarised 
input beam to angles intermediate the parallel and 

30 crossed positions. 

3. A polariscope according to Claim 2 in which 
the second polarising means is a liquid crystal 
device. 

4. A po iariscope according to any preceding 

35 claim in which the components are provided in axial 
allgnmentto provide a transmission polariscope. 

5. A polariscope accordingto any one of Claims 1 
to 3 arranged so that light reflected by a sample in 
the sample location means is received by the second 

40 quarter wave plate, wiiereby a reflection polariscope 
is provided. 

6. A polariscope according to any preceding 
claim in which at least one quarter wave plate also 
comprises a liquid crystal device. 

45 7. A polariscope substantially as hereinbefore 
described with reference to any one of Figures 3, 4 
and 5 of the accompanying drawings. 
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